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Photosensitization of the human skin by
plant materials has been of interest to derma-
tologists, not only because of the use of such
materials in the treatment of vitiligo (1), but
also as the cause of a number of clinical syn-
dromes. Among the clinical entities which have
been described are: berloque dermatitis, derma-
titis bullosa striata pratensis (meadow grass
dermatitis) (2, 3, 4, 5), parsnip dermatitis (6,
7), occupational photosensitization from Per-
sian limes, described by Sams (8), and the
occupational photosensitization of celery pick-
ers as discussed by Birmingham (9). Klaber
(10) suggested the general term, phytophoto-
dermatitis, for the effects of certain plants on
the skin when combined with sunlight. Kuske
(11, 12) determined that many plant photo-
sensitizations were produced by furocoumarins
in combination with long wave ultraviolet. The
distribution of the furocoumarin or psoralen
compounds in plants has recently been re-
viewed by Pathak et al. (13). The method de-
scribed in this paper is a simple microbiological
method for the presumptive identification of
plants or plant materials possessing photo-
sensitizing properties of the psoralen type.
Lethal photosensitization of bacteria by the
psoralen or furocoumarin compounds has been
studied extensively by Fowlks, Oginsky, and
their colleagues (14, 15). They demonstrated
that the compound and long wave ultraviolet
radiation had to be present at the same time
to produce killing. They found that the reac-
tion with the psoralen group of photosensitizers
differed from the classic methylene blue photo-
dynamic action in several respects; oxygen was
not necessary for the furocoumarin sensitiza-
tion, and the furocoumarin photosensitization
was more effective at lower temperatures than
higher temperatures. Mikkelson (16) has dem-
onstrated that a number of dermatbphyte fungi
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can also be killed by the psoralens in combiiia-
tion with the activating wavelengths of long
wave ultraviolet radiation. Mathews (17) has
presented evidence that toluidine blue photo-
sensitization kills by damaging proteins while
8-methoxypsoralen photosensitization kills by
damage to DNA.
The technics described may be deficient in
terms of the maximum elegance for a micro-
biologist, but are sufficiently simple that they
can be carried out in a dermatologist's office,
when he is faced with the problem of identify-
ing the source of a PhOtOtOxic reaction, in par-
ticular, identifying the plants responsible for a
pliytophotodermatitis.
METHODS
For simplicity we have used an organism which
grows rapidly at room temperature, an advantage
in overcoming contaminants and also in the rapid-
ity of the test procedure. The use of an organism
growing rapidly at room temperature simplifies
the procedure because irradiation does not need
to be combined with incubation for rapid and
adequate growth. The organisms we have used are
locally isolated strains of Candida albican.s. Prob-
ably any colorless, rapidly growing yeast or bac-
teria could be used for this purpose, but Candida
albicans is available in the office of any derma-
tologist who does any of his own mycology. The
suitability of different organisms for this test
has not been studied systematically.
A suspension of Candida albicans is prepared in
3 cc of water or sterile broth from a 48-hour slant
culture. A dab on a wire loop is used sufficient to
cover about one quarter of the loop. Too dilute
suspensions produce scattered colonies rather than
an even growth. Too concentrated seeding of the
plate produces poorly defined zones of killing,
possibly due either to the absorption of chemical
or light by the heavy growth. However, the heavi-
ness of the suspension is not critical over a wide
range. Sterile cotton swabs are used to plate this
suspension onto Sabouraud's dextrose agar plates.
Bacteriologists have informed me that a smoother
and more even distribution can be obtained with a
glass rod spreader, bent appropriately to provide
a horizontal piece of glass rod. However, We have
preferred the use of the sterile cotton swab, on
the grounds that this is readily available in a
clinical office and provides adequate dispersion for
this qualitative procedure.
After the plates have been seeded, the specimens
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to be tested are- ap)11e(I as pure crystals, fresh
plant materials, or as dried concentrates in filter
paper discs. The plates are then grown under black-
light fluorescent lamps, which provide energy from
3200 Angstroms to 3900 Angstroms with a small
amount of visible radiation. Control plates are
grown in the clark or under the fluorescent lamps
with a henzophenone—containing plastic to remove
long wave ultraviolet radiation (18). Most of the
work here reported was carried out under illunima—
Lion from two 15—watt black—light fluorescent
lamps, operated in standard fluorescent fixtures.
The lamps were centered 7 centimeters apart and
22 centimeters above the surface on which the
agni plates were placed. Some of the studies were
made with a single 20—watt blaclc—liglit fluorescent
lamp at approximately 20-centimeters distance.
Since glass petri (lislies readily transmit the long
wave ultraviolet, quartz glassware is not re—
quired and plastic petri dishes are equally suitable.
A clear zone around the test substance, present
under illumination, but absent in the (lark, pro—
v ides evidence of Photosensitizatwn. We assume
that the photosensitization process has killed the
organisms because, on the several occasions when
we have attempted to replate organisms from the
clear zone, none grew; and also from the fact
tInt Oginsky el al. (15) described the effect of
photosensitization with 8-methoxypsoralen in bac-
teria as lethal photosensitization. The term "kill-
ing" of organisms will therefore be used, even
though, under some of the test conditions, it is
conceivable that the organisms are inhibited rather
than totally killed. We have tried to regrow
organisms only from the clear zone produced by
the psoralen group of compounds.
The method is obviously similar to that em-
IloTed in testing antibiotic sensitivity of micro-
organisms to specific antibiotic chemicals, but
differs in that the combined effect of a chemical
and of the long wave ultraviolet radiation is stud-
ied.
RESULTS
Known pliotosensitizers of the furocoumariri
group produced clear zones under ultraviolet
and no effect in the dark. Crude coal tar
preparations used in clinical dermatology, and
known to be capable of producing photosensi-
tization, were found to be highly potent photo-
sensitizers in the yeast system. For example,
a six millimeter paper disc of Whatman 2
filter paper with "Zetar" * added, produced
approximately two-thirds wiping out of the
organisms on the plate under illumination while
there was no evidence of damage to the yeast
cells in the dark, even though a portion of the
culture was stained brown by the tar.
* Zetar was supplied by Dermik Pharmacal
Co., Inc.
Discs containing 8-methoxypsoralent pro-
duced some killing with a one-hour exposure to
black-light, but continuous irradiation provided
a more convenient and sensitive test. The sim-
plicity and sensitivity of the test was further
evident when leaves of plant species known to
contain psoralens were applied directly to the
agar plates. It was found that photosensitized
killing occurred around the fresh crude plant
materials even though no extraction process had
been carried out. Plants showing photosensi-
tized killing from yeast on direct application of
fresh materials were parsnip, and parsnip leaf,
celery leaf, Skimmia japonicum leaf, fig leaf,
fig stem, parsley leaf, and parsley stem. A wide
variety of other leaves and sterns were negative
on these "salad plates". Seeds producing photo-
sensitization upon direct application were
parsnip, marigold, and parsley. Non-photosen-
sitizing seeds included beet, spinach, bean,
green pepper, larkspur, snapdragon, lettuce,
and zinnia. We have not proved chemically that
the psoralens are the photosensitizbrs, but the
distribution of photosensitizing plants corre-
sponds to the known distribution of the
psoralens in plants, with the exception that
search of the literature fails to reveal the na-
ture of the photosensitizer in marigold.
The pure furocournarin compounds are quite
insoluble in water. Present information does not
indicate whether the success of the direct ap-
plication of crude plant materials to these
"salad plates" is due to the sensitivity of the
method or to the fact that the psoralen com-
pounds in plants may be in a combination
which solubilizes them.
On the slight possibility that plants not pro-
ducing photosensitization contained inhibitors
of the reaction, non-photosensitizing plant ex-
tracts were combined with discs of 8-methoxy-
psoralen on the plates. No inhibition of the
photosensitized killing was demonstrated.
Commercially available extractst of plants
used for testing of allergic oleoresin sensitivity
were tested for photosensitizing potential. Posi-
tive results were obtained with wild parsnip
which gave a very active reaction, and with
marigold and carrot which gave slight reac-
tions. The 39 negative extracts included St.
t Tri-methylpsoralen and 8-methoxypsoralen
were supplied by the Paul B. Elder Company.
The oleoresin extracts for allergy testing were
purchased from Hugh Graham Laboratories.
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John's wort, which contains the photosensi—
tizing compound hypericin (19). Commercial
plant extracts giving negative results included
St. John's wort, asparagus, poplar, spruce,
willow, snapdragon, blue myrtle, acacia, alder,
aspen, birch, fir, hemlock, pine, petunia, prim-
rose, tansy, Shasta daisy, verbena, zinnia,
calendula, chrysanthemum, coreopsis, corn-
flower, dahlia, fern, English jonquil, larkspur,
and iris.
Miscellaneous positive materials included lISP
lemon oil, TJSP cold pressed orange oil, and
locally prepared acetone extracts of tangerine
skin, Skimrnia japonicum, and parsley leaves.
Carmine, rose bengal, eosin Y, fluorescein, and
phloxine were dyes which did not photosensi-
tize under the test conditions. Whether they
would react with intense visible illumination
remains to be determined. Methylene blue gave
variable results and further studies at longer
wavelengths are required.
The tarry residue of an acetone extract of
dust collected in an electrostatic precipitator
produced photosensitization, presumably from
a content of heterocyclic hydrocarbons such as
anthracene derivatives. Pure anthracene gives
positive results with tins test.
A number of drugs were screened for their
photosensitizing potential in this system. Since
we have not used other sources of illumination,
the test system consists of the combination of
Candida albicans and the long wave ultravio-
let radiation.
Quinacrine (atabrine) was a potent photo-
sensitizer Ilnder the conditions of this test,
whereas chloroquine was not. A finding of un-
known significance was a photosensitizing ca-
pacity in high concentration of chlordiazepox-
ide HC1 (Librium).
Among the drugs that failed to produce
photosensitized killing of yeast were sulfa-
nilarnide, acetazolamide (Diamox), quinidine,
acetylsalicylic acid, griseofulvin, trimeprazine
(Temaril), and demethylchlortetracycline (Dee-
lomycin). All of these drugs are considered
capable of producing clinical light sensitivity
with an action spectrum coinciding with the
sunburn spectrum. Most of these reactions are
manifest by a persistent erythema rather than
by the hyperpigmentation produced by furo-
coumarins and tars. It is not clear on the basis
of present evidence whether reactions to these
drugs should all be considered photoallergic or
whether photosensitizing chemicals absorbing
radiation in the same wavelengths as tissue
have different mechanisms than those absorbing
in the regions of relative tissue transparency iii
the long wave ultraviolet and the visible spec-
trum. Other chemicals giving negative reactions
with the yeast system included riboflavin, 5—
hdroxyincIolacetic acid, juglone, and menacE-
one.
We would not expect microorganisms to show
"photoallergic" reactions, but they could show
changes based on the primary photochemical
events.
Musajo (20) investigated a series of naturally
occurring furocournarins for their capacity to
photosensitize human skin. He used sunlight and
black-light at 3655 Angstroms. He found the
relative activity compared to 100% for psoralen,
to be as follows: 8-met hoxypsoralen 37.5%, 5-
methoxypsoralen (bergapten) 27.5%, angelicin
12%, isobergapten 10%. He studied several
other biological properties of the natural
furocoumarins, including their effàcts upon seed
germination, their ability to kill Schistosorne
cerceriae, and their mutagenic properties.
Bergapten (5-methoxypsoralen) and psoralen
were the most potent mutagens of the series,
with angelicin, xanthotoxin (8-methoxypsora-
len) also showing activity. It is unfortunate
that Musajo's article in Italian is not more
widely known. More recently, Pathak (21, 22)
has stuclieç the relationship between the molecu-
lar structure of natural and synthetic furocou—
marins and their capacity to produce a photo-
sensitized dermatitis on the skin of guinea pigs
or of man. The findings on yeast parallel his
findings on guinea pig skin and human skin.
Differences in diameter of the cleared circles
cannot be used with certainty to specify differ-
ences in photosensitizing power because the
cleared area may represent relative diffusion
rather than relative photosensitizing capacity.
However, in combining the yeast results with
Pathak's published findings, high activity was
found with yeast, guinea pig skin, and hu-
man skin with psoralen, 8-methoxypsoralen,
trimethylpsoralen, and 5-methoxypsoralen (ber-
gapten). Negative results were found in all
three tests with psoralen quinone, isopimpinel—
lin, and 5-X02-S-methoxypsoralen. Thiofuro-
cournarin gave a weakly positive test in both
yeast and guinea pig skin. Counmrin, 3-chloro-
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cournarin, and xanthotexol were negative with
1)0th tile yeast and guinea pig skin tests.
Prehrninary studies of the quantitative reia—
tionships between furocoumarins in 6 miHimeter
diameter discs of Whatman 1 fluter paper were
carried out. Acetone soiutions were appiied to
the discs suspended on a fine stainiess steei wire
and the acetone aHowed to evaporate. The
threshoid of response with psoraien, 8-methoxy-
psoraien, and trirnethyipsoraien is about one
microgram per disc. Five micrograms per disc
gives a zone of the order of magnitude of 12
miHimeters in diameter, and ten micrograms
gives a zone in the range of 24 milhmeters in
diameter. Above these doses there appears to
be a ieveHing off of the response.
The use of very thin agar ieads to a iarger
diameter. However, Petersdorf and Piorde in
their review of standard antibiotic testing
methods (23) conchide with the fact that a
wide variety of variabies in the disc tests for
antibiotic sensitivity have littie effect upon the
diameter of microbiai kiiling by the anti-
biotics.
DISCUSSION
The method is extrerneiy simpie and can be
used as a presumptive test for the presence of
photosensitizing furocournarins in fresh piant
materiais. This interpretation is based upon
correiation with the distribution of the com-
pounds in nature, not upon specific chemicai
identification. In addition to the furocoumarin
photosensitizers, the system is sensitive to
anthracene and to coai tar preparations.
The system is unreactive to a number of
other chemicais associated with chnical hght
sensitivity. It is of interest that the furocou-
marins and the tars produce the ciassic picture
of phototoxic reactions with exaggerated ery-
therna and deep rneianin pigmentation. The
microbiai test system, therefore, seems to cor-
reiate with oniy one of the severai types of
chemicai photosensitization of skin.
Compounds producing photosensitization in
the 2900—3200 Angstrom range, such as the
suifonamides and other singie ring absbrbers",
produce reactions within the absorption range
of proteins determined by aromatic amino
acids, and of nucieic acids. In the sunburn
range, therefore, the chnicai photosensitizer
may not have to be the chromophore (initiaHy
absorbing moiecuie) to have an effect in the
reaction. This point shouid be kept in mind
whiie attempting to unravei the compiexities of
photo-aHergy and photo-toxicity. Oniy when a
chnicai photosensitivity is produced by wave-
iengths to which the tissue is iargeiy transpar-
ent, can it be assumed that the exogenous or
endogenous (porphyrin) photosensitizer is the
primary absorber in the reaction.
CONCLUSIONS
1. A rnicrobioiogicai system consisting of
Candida albicans and iong wave uitravioiet
hght from biack—hght fluorescent iamps is use—
fui for studying some types of chemicais that
photosensitize bioiogicai systems.
2. The method is very sensitive to the furo-
coumarin compounds and to the coai tars used
in dermatoiogy to photosensitize the skin.
3. The method can be used for the presump-
tive identification of pia.nts causing phytophoto-
dermatitis.
4. The method may be isefui for screening
drugs for phototoxic types of photosensitizing
potentiai.
5. Since a tarry residue coHected in an eiec-
trostatic precipitation had photosensitizing ca-
pacity, the method may be usefui in studying
hydrocarbon air poHution.
6. The method may offer a simpie means for
testing perfumes containing oii of Bergamot
for their photosensitizing potentiai.
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